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The invention is related to a method of treating and utilizing sludge^ 

* A sludgfe may be e.g. municipal sewage sludge a remarkable portion of dry matter of 
which today is\:ellulose, hemicellulose and lignin coming from sofl/tissue. The method may 
be used also for tteating and utilizing industrial sludges, like slud^s of wood processing 
industry or food industry, and sludges produced by agriculture animal husbandry, or 
animal manure sludg^ in general. For economy of the metljeki it is recommendable that the 
dry matter content of a sludge is at least 1 5 %. 

It is well-known that fteatment of sludges is problematic and expensive and that 
significant environmental haisards, e.g. odor inconveniences, are caused therefore. 

In the prior International miication No. WO97/01513 the inventor presents a method 
of treating sludge in which, for prbducing solid pfoducts of sludge and for hygienizing these 
products, hydrophobic grains of peaWe mixe/ with sludge, and the mixture is extruded to 
form pieces which are dried and possiW co^ed for stabilizing and hygienizing them. An 
object of the solution is to get a sludge A/irectly and rapidly as possible to a form of solid 
and environmentally non-hazardous proflud 

An object of the present invention is to ^ovide a method of treating and utilizing 
sludge which is better, more versatile to apply ,Vid with better economy than the prior 
methods. 

To reach this object, a me>f od of treating and iJtilizing sludge of the invention is 
characterized in that which \i defined in the appended^laims. 

Very remarkable savings of raw material costs in slWge treatment are obtained with the 
invention. A sludge is bcbught to a solid and advantageou\form largely by means of the 
solid material and enei^y of the sludge itself. 

The invention a^d some embodiments thereof are descridted in further detail in the 
following with reftfrence to the accompanying drawings, wherem: 

Fig. 1 is a fl^w chart which describes generally an embodimdpt of die method of the 
invention; 

Fig. 2 is ^flow chart which describes generally another embodir^ent of the method of 
the invention? 

Fig. 3 is /a flow chart which describes generally still another embodVent of the method 
of the invention; 

Fig. 4 i$ a flow chart which describes generally still another embodiment of the method 
of the inv^tion; \ 
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Fig. 5 is a diagram which presents the embodiments of Figs. I and 3 and in further 
detail a composting included in the embodiments; 

Fig. 6 presents schematically a side view of a composter for carrying out the 
continuously operating composting of Fig. 5; 

Fig. 7 presents a schematical plan view of an example of a sludge treatment plant based 
on the method of the invention; 

Fig. 8 is a diagram which presents generally an application of the embodiments of the 
method of Figs. 1 and 3 to treatment of waste water; 

Fig. 9 is a diagram which presents an example of applying the method of Fig. 3 to a 
waste water treatment process; and 

Fig. 10 is a diagram which presents another example of applying the method of Fig. 3 
to a waste water treatment process. 

The initial material of hydrophobic organic grains,which are essential in the method of 
the invention, are preferably hydrophobic grains of peat. The term "hydrophobic organic 
grains" is used with good reason because the grains circulated several times in the method of 
the mvention, the initial core of them being a hydrophobic grain of peat, may be split to 
smaller grains, and then a portion of the hydrophobic grains may consist totally or almost 
totally of sludge particles gathered by means of the grains. 

An advantageous way of manufacturing this kind of grains is following. Well- 
decomposed sedge peat or similar kind of peat is pressed in a peat digging field in a usual 
way with mtensive extrusion to pieces, either briquettes or so-called wavy sod peat Peat 
bnquettes or wavy pieces are dried on the peat digging field typically to a moisture content 
of 30 to 40 o/o by weight water. Dried pieces are crushed to grains the size of which is 
typically within a range of 2 to 20 millimeters. Grains may be dried further for improving 
the hydrophobicity thereof, for example to a moisture content of below 20 or even below 10 
%. Hydrofobization begins at a moisture content of about 35 %. and the permanent long- 
term hydrofobicity is achieved at a moisture content of about 1 0 "/o by weight water. In many 
cases a suitable moisture content is about 15 to 20 % by weight water. The grains 
manufactured in this way are compact and hard and withstand well both mechanical 
handling and handling in a wet process without absorbing water or breaking down. 

Hydrophobic grains of peat include carbon usually about 70 to 80 Vo of solids Most of 
It IS bound to compounds which are difficuh to degrade: cellulose, hemicellulose and lignin 
and only about 15 to 20 % of the carbon is soluble or in short-chained compounds In 
addmon to fibrous matter, this kind of peat includes also enough material decomposed to 
colloidal particles, which contributes to provide compact, hard and strongly hydrophobic 
grams. The nitrogen content is typically 2 to 3 % and phosphor content 0.2 to 0.4 % of 
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solids. The fuel value of hydrophobic peat grains is good, about 10 to 20 MJ/kg, depending 
on the degree of dryness. In view of the operation of the method and utilization of the grains 
produced with the method, this kind of peat grains have excellent properties. Also 
manufacturing costs are reasonable. 

Peat grains are manufactured in peat digging fields also by directly cutting or milling 
which is economically even more advantageous method. The grains obtained may be 
hydrofobized, but there are^roblems in making them compact and durable enough. With 
suitable treatment methods the^e properties probably may be improved, and then also this 
kind of peat grains possibly may^l^e used in the method of the invention. 

Technically, it is also possible to use hydrophobized peat pellets. At least presently, 
high manufacturing costs of this kind of pellets exclude the use thereof, as an object of tfie 
method of the invention is definitely to reduce raw material costs of sludge treatment. 
Moreover, additional binding agents are often used in pellets, which raises further on the 
manufacturing costs and which may cause hazardous effects in processes to which the 
method of the invention is applied. 

The ability of the hydrophobic grains to bind hydrophilic sludge particles is based on 
the known phenomenon that hydrophilic sludge particles in water are attached to 
hydrophobic particles for the incluence of so called zeta-potential thereof. This happens 
when hydrophobic grains are mixed with sludges including typically 70 to 80 % water This 
happens also as waste water is introduced to a filter layer consisting of hydrophobic grains 
Water goes through the filter because hydrophobic grains do not absorb water. This kind of 
hydrophobic filter works for removing both coarse and fine sludge particles from waste 
water. 

It is typical for biomasses that they are hydrophobized when they are dried diy enough 
It depends on the quality of the sludge particles attached to the surface of a hydrophobic 
gram how successfizUy it is hydrophobized and compacted when dried. For example 
particles consisting of cellulose, hemicellulose and lignin, high contents of which are 
icluded m municipal waste water, are hydrophobized and compacted on the surface of grains 
very well. 

Figs. 1 to 4 present generally some embodiments of the method of the invention 
In the embodiments of Figs. 1 and 2, sludge is brought to the process and bound to the 
surface of organic grains by mixing in phase 1. In the embodiments of Figs. 3 and 4 waste 
water is brought to the process, the waste water being filtered with hydrophobic grains in 
phase 1 A, whereby the hydrophilic sludge particles in the waste water are attached to the 
surface of the grains. A necessary amount of hydrophobic grams are mixed with grains 
coated with sludge in phase IB. In all the embodiments, the next phase 2 is pressing 
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advantageously extrusion, which helps the sludge particles to attach to the surface of the 
grains and extracts water bound to sludge particles from the mixture. 

Such an amount of hydrophobic grains are mixed with the sludge that the water content 
of the mixture is less than 60 %. A suitable moisture content for composting, for example, is 
about 50 %. The pieces extruded may be cylindrical pieces, for example, the diameter of 
which is of the order of 5 centimeters and the length 1 5 to 20 centimeters. 

In the embodiments of Figs. 1 and 3, the next phase 5 is composting, preferably rapid 
continuously operating composting for which it is advantageous to press coherent pieces of 
the mixture in phase 2. During the composting, the pieces are mostly broken back to grains 
on the surface of which there is a composted, still wet, layer of sludge. A core, a 
hydrophobic grain, is not waterlogged. In phase 4, the grains attached to each other or the 
grains grown up too big are crushed smaller, and also the surface layer is hydrophobized by 
do^ng it dry enough. In the embodiments of Figs. 3 and 4, the mixture is not composted but 
the process proceeds directly to phase 4. Therefore, it is not necessary that coherent pieces 
are obtained in the pressing phase 2. In phase 5, the grains are screened, and a great paart 
thereof IS circulated back to the process, either to phase 1 for being mixed with sludge (Figs 
1 and 3) or to work as filter grains in phase 1 A and for being mixed vdth sludge-coated 
grams in phase IB (Figs. 2 and 4). The grains may be circulated 5 to 10 times, for example 
Only a smaU amount of nfew grains-are needed-in the process. In other words, sludge is 
solidified essentially by gathering it with the sludge itself Drying is made veiy 
advantageously because the moisture is in the surface layer of the grains from which the 
distance for evaporation is short. The method is very cost effective. The circulation which 
always include drying at an" elevated temperature (preferably at 60 to 80 °C) is hygienizing 
the grains, and the composting incr^es amount of carbon in grains which is soluble or 
bound to short-chained compounds, which is advantageous in many applications. Fomiing a 
layer of sludge on the surface of the grains and drying in a drum diyer causes rounding of 
the grams, which is often advantageous in the utilization of the grains. 

The methods not includmg composting (Figs. 2 and 4) are thought to be applied in such 
a way, for example, that the excess grains from phase 5 are burned and the energy obtained 
IS utilized. In the direct drying nothing of the fuel value of the grains is lost, which happens 
to some extent with composting. An advantageous and very suitable drying method for 
grains is pulse drying in which hot air, e.g. 60 to 80 °C, is first blown through the grains 
long enough so that the grains are warmed up. Thereafter, air with a temperature somewhat 
lower than the temperature of the grains is blown through the grains, whereby the moisture 
IS removed efficiently from the surface layer for the influence of a difference in vapour 
pressure. This is repeated as many times as necessary. 
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To prevent the amount of grains from increasing with circulation, a portion of grains 
corresponding to the dry matter gathered by the grains must be removed from the process. 
The circulation may be arranged in such a way, for example, that 10 to 20 % new 
hydrophobic grains are always added to the circulating grains, and the excess grains are 
taken away. According to need, the grains may be screened away to fractions for different 
uses. Grains may be also taken away vwthout screening, or a portion of them may be 
circulated without screening. If only the amount of grains corresponding to the dry mater 
gathered to the grains is removed from the process, normally a certain fraction is taken away 
by screening according to the use of the grains. 

In screening, a fraction of 0 to 2 millimeters, 0 to 4 millimeters, or 2 to 4 millimeters 
may be taken away. Such grain sizes are suitable for burning or to be used for fertilizers, for 
example. The finest dusty matter, although it increases dry matter content in the mixture, is 
preferably taken away from circulation from time to time because very small particles are 
not able to gather matter to be composted on the surface thereof The screening may be 
made with a seave, disc screen, drum screen, or pneumatic screen. 

In view of experiments, big grains seem to have better ability to grow than small ones, 
and big ones may be circulated longer than small ones. A typical thickness of the surface 
layer formed on small grains during one cycle is of the order of 1 millimeter. For big grains 
a typical thickness is 1 to 3 millimeters. Also bigger dry matter particles seem to attach to 
big grains than to small grains. 

The quality of a sludge affects how many times grains may be circulated in a process. In 
municipal waste water, for example, there are a lot of fibrous sludge particles which after 
hydrophobization are well-attached on the surface of grains. With treatment of this kind of 
sludge, grains may well be circulated 10 times on an average, for example. As big grains are 
crushed for fiirther circulation, grains are obtains of which a portion is totally and a portion 
mostly consisting of sludge particles. When a circulation process is after initial phase 
properly in operation, there may be long periods during which new "initial grains" need not 
be added to the process at all. On the other hand, if a sludge is veiy fine-gramed, like e.g. 
sludges of food industries often are, a surface layer formed on the initial grains begins easily 
to pulverize as a certain thickness is reached after several circulations. With treatment of this 
kind of sludges, a suitable amount of circulations on an average may be 5, for example. 

The more times grains are circulated through composting, especially composting in 
thermophilic phase, the more the grains blacken, i.e. are carbonizing, also inside thereof. 
Also a matter difficult to degrade (cellulose, hemicellulose and lignin) in hydrophobic grains 
seems to be composted and is gradually degraded to carbon which is biologically easily 
available. At the same time the properties of grains as a substrate for composting are 
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improved as the amount of carbon biologically easily available in the surface layer is 
increasing. In view of experiments, the most of the carbon of the grains is soluble or in 
short-chained compounds after 5 composting cycles, for example. 

A continuously operating composting method suitable to be used with the method of 
the invention is described in the following with reference to Figs. 5 and 6. The moisture 
content of the pieces pressed in phase 2 from the mass formed of the mixture of sludge and 
grains or sludge-coated grains obtained from phase 1 must be 45 to 65 % by weight water, 
and the best moisture content for composting is, in view of experience, about 55 % by 
weight water. In circulated grains grown on hydrophobic peat grains there are normally 
enough nutrients for action of microorganisms needed for composting, and, as stated above, 
the circulation of grains in the process improves the properties thereof in view of successful 
composting. 

^ ^ ■ The microorganisms of a compost act best in neutral or slightly acidous conditions 
^ Vithin a pH range of 5.5 to 8. For fungi-like microorganisms decomposing cellulose and 
lignin, slightly acidous conditions are favourable, for example. A preferred pH range is 6 to 
7. In the alternatives and applications considered here, pH is nonnally within the proper 
range, and no adjustments are needed. 

Composting phase 3 is continuously operating. It is aimed at as efficient as possible 
thermophilic microbial action the most advantageous temperature range for which is 54 to 
62 °C, and the process is controlled to keep the temperature within that range. After 
initializing phase, as the process is in fiill operation in a suitable composting reactor, it 
produces more heat than what is needed for maintaining the reaction. Pieces are loaded into 
a reactor, and composted material is removed therefrom in such a way, for example, that 
there are several layers loaded at different times. In view of experience obtained with an 
experimental reactor, as a new layer of pieces to be composted is loaded to the reactor, the 
rise of temperature to the desired level takes typically 10 to 15 hours. The pieces are then 
kept within the desired temperature range of 54 to 62 typically 24 to 48 hours, during 
vyhich time they become composted and largely break down. 

: An aim in the composting process is to reach rapidly the desired state of thermophilic 
microbial action therefore that specifically in this state the microorganismis like 
actinomycetes and fimgi-like microbes act, which decompose efficiently cellulose, 
hemicellulose and lignin. Composting of material as pieces is very advantageous, firstly 
because of a lot air remaining between theVieces. For satisfying the demand of oxygen of 
the microbes, there is normally no need to input air to a process. Another advantage relates 
to action of fimgi-like thermophilic microorganisms. Many such microorganisms act 
efficiently in the outer layer of a compost at a high\emperature. In the present method, each 
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piece as such is like a compost, and there are a lot of outer layer in each piece in which these 
microorganisms are able to act. 

In phases 4 and 5 the material removed from the compost is dried, crushed if necessary 
and screened in a way described here above. A portion of the dried grains, the surface of 
which is thereby hydrofobized again, is circulated back to the beginning of the process, and 
another portion is taken away from the process. 

In Fig. 6, an exemplary suitable composting reactor is presented in schematical cross 
section. The reactor 20 which is described here schematically and as simpified, is a silo-like 
space with side walls 21, a bottom 23, and a cover 22 openable and closable in a way 
indicated by arrow PI . In the cover there is an exhaust connection 32 provided with an 
adjustable baffle 33. The exhaust connection is advantageously provided also with a fan (not 
shown) for making removal of gases and water vapour from the reactor more efficient, if 
necessary. Blowers 3 1 are placed close to the bottom. A conveyor belt 24 extends above the 
reactor for supplying biomass pieces to into the reactor. The belt may be moved in a way 
indicated by arrow P2 so that the pieces are easier to be loaded uniformly into the reactor. A 
new layer L4 is always loaded into the reactor on the earlier layers L3, L2, and LI . In 
connection with the bottom 23 there is a conveyor mat 25 provided with compartments for 
removing from time to time carbonized and decomposed material gathered on the bottom. 
The reactor includes several measurement and control devices for monitoring and 
controlling the conditions in the reactor. By an example, temperature meters 15, 16 and 17 
are shown here for measurement of corresponding temperatures Tl, T2 and T3 in different 
places of the reactor. Moisture is measured with a detector 28, oxygen with a detector 29 
and carbon dioxide with a detector 30. By means of the blowers 3 1 and by increasing 
exhaust correspndingly, air circulation in the reactor may be increased, if necessary. By 
increasing the air circulation the reactor may be cooled, for example, if the temperature is 
rising too high, above 62 °C, or oxygen necessary for microbial action may be increased by 
taking in oxygen rich air and at the same time exhausting carbon dioxide from the reactor. 
From the exhaust gas also the heat may be recovered. Moreover, a mantel of the reactor may 
be provided with water cooling (not shown), whereby heat may be recovered from the 
cooling water to be used preferably for drying the carbonized material. 

A sludge treatment plant of Fig. 7 is situated in a building which is confined by an outer 
wall 40. For receiving peat grains, there is an open container 44 in the left side end of the 
building to which the peat grains may be transferred directly fix)m a truck. At the bottom of 
the container there is a first conveyor screw 45 by which the grains are transferred to a 
conveyer 46 which feeds grains to an intermediate storage 47 at need. The receiving space of 
peat grains is separated from other rooms by a wall 69. Sludge is brought from a sewage 
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treatment plant 48, for example, wherefrom it is fed with a screw49 to an intermediate 
storage container 50. Also the possible additives are to the container 50. A screw 52 conveys 
sludge and a screw 51 hydrophobic grains to a mixing box 53, and these are conveyed 
further on by means of a mixing screw 54 to a mixing and pressing unit 55 in which the 
mixture is mixed furher for making it homogeneous. A screw 56 forces the mixture finally 
to an extrusion unit 57 in which an additional wing in the screw 56 forces the mixture to 
extrude through tubular mouthpieces 58. The mouthpieces extrude pieces with a thickness of 
about 5 centimeters and a length of about 20 centimeters (not shown) to a conveyer belt 59. 
The conveyer 59 is extended above the reactor 60, and the pieces drop from the end thereof 
down to the reactor. Below the conveyer there is an altematingly moving sweeping wing 62 
which levels the pieces in the reactor. At the bottom of the reactor there is a rotating drag 
scraper 61 which removes decomposed granular material from the bottom and drops it down 
to a conveyor belt 63 via openings (not shown) parallel with the conveyor belt. The reactor 
room is separated from other rooms by walls 41 and 42. The reactor must have an own well- 
confined room because a lot of moisture and also carbon dioxide and some amount of other 
gases are produced in the composting reaction. A belt 63 conveys the grains to a dryer 64 
from which the grains are after drying moved to a screen 65. A fraction to be circulated is 
introduced from the screen 65 to a conveyor belt 66 which conveys the grains to the 
intermediate storage 47. A screw 67 conveys a fraction to be recovered from the screen 65 to 
an intermediate storage of excess grains which is separated from the drier room by a wall 43. 
Door systems 70, 71, 72 and 73 are arranged to lead out from the separate rooms, 
respectively. 

In the following, an application of the method of the invention to biological waste water 
purification is described with reference to Figs. 8 and 9. The waste water is conducted after 
screening 74 and sand separation 75 to a phase 98 in which the waste water is filtered 
through a filter layer 81. The fiher layer consists of hydrophobic grains of peat and / or 
composted hydrophobic grains with a core of hydrophobic peat grain. Hydrophobic grains of 
peat are somewhat lighter than water, and so the filter is floating. Hydrophobic grains filter 
sludge particles from the waste water, and as the grains become sludge-coated, the surface 
layer of the filter begins to hold back water flow. The sludge-coated layer of grains is 
scraped with a scraper over the brim of the tank. A conveyor is there below which conveys 
the sludge-coated grains 83 towards fiirther treating in a way described here below. New 
grains, either hydrophobic grains of peat (reference sign 84) or composted hydrophobic 
grains (reference sign 88), are brought correspondingly to the underside of the filter layer. 

The water gone through the filter layer is introduced from below the filter into the next 
phase of the purification process, as is indicated by arrow 99. 
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In the following, treatment of sludge-coated filter grains is described with reference to 
Figs. 8 and 9. Sludge-coated grains 93 are mixed with hydrophobic grains of peat according 
to need in phase 1 1 for obtaining a mixed mass suitable to be extruded. A suitable content of 
the mass is 50 to 54 %. In phase 12, the mass is extruded to pieces which are composted in 
phase 13 in a process according to Fig. 8 which is similar to that one described with 
reference to Fig. 5. A layer of new pieces is added periodically, e.g. once a day. A time for 
composting is then, normally, 1.5 to 3 days. Grains circulated several times are carbonized, 
and the carbon therein is largely converted to soluble carbon and carbon bound to short- 
chained compounds. Hydrophobic grains obtained in this way may be used again in the 
filter, and as they include also a lot of organic carbon, they are very suitable for a carbon 
source and substrate for micoorganisms, i.e. a so-called film surface for microorganisms. It 
should be noted also that the energy needed for this conversion of hydrophobic grains and 
sludge of waste water to a more advantageous form may be taken almost totally from the 
treated material itself. 

After-treatment 14, 26 (Fig. 9) or 14 (Fig. 9) of the composted material may include, 
drying, screening and sorting in which the grains are guided according to the size thereof to 
different uses. As is indicated by arrow 88, a portion of grains (B) may be introduced back 
to the filter layer 81 to compensate sludge-coated grains removed from the filter. A suitable 
grain size for this may be 10 to 60 millimeters, for example. A portion of the grains (A), on 
the other hand, may be circulated back to the initial phase of the composting, as is indicated 
by arrow 89. For this, e.g. smaller grains with a size of 6 to 10 millimeters are suitable. A 
portion of grains (C and D) may be used in other phases of waste water purification as a 
substrate and carbon source for microbes, as is indicated by reference signs 92 and 93. The 
grains with a size of 6 to 10 millimeters are suitable for this use, also, as well as very small 
grains with a diameter of 1 to 3 millimeters. The excess grains (F) may be used for other 
suitable purposes, e.g. as raw material for fertilizers. 

The waste water departing fi-om die filtering phase 98 is next conducted to an aerobic 
phase 96, as is indicated by reference sign 99. Favourable conditions for nitrification phase 
of removal of nitrogen, among other things, are provided by adding composted carbonized 
grains 85 as a substrate for microbes to a tank provided with efficient aeration 77. A strong 
colony of microbes is maintained in the tank by adding grains according to need. By the 
amount of grains the process may also be adjusted to correspond to the amount waste water 
and the amount of nitrogen included in the waste water. The efficient aeration circulates 
grains 85 in the tank, and some amount of them is continuously removed fi-om this phase 
with the outgoing waste water 78 to the next phase of purification. New grains are needed 
also for compensating the grains removed. Grains may be dried to a suitable degree of 
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hydrophobicity, so that they begin gradually to absorb water and, for this and decomposing 
microbial action, to decompose. Duration of decomposing may vary within a range of 1 to 
10 days, for example, depending on the need for adjustment and other affecting factors. 

The next phase is an anaerobic secondary settling 97 in which a sunk filter layer 90 
consisting of hydrophobic grains carbonized by composting is disposed in a tank. For 
arranging the filter in the tank, there are gratings or similar means between which additional 
carbonized hydrophobic grains are supplied at need, as is indicated schematically by arrow 
93. The waste water departing from phase 96 is introduced underneath a filter layer 90, as is 
indicated by reference sign 78, the outlet 76, on the other hand, being above the fiher llyer 
so that the water must go through the filter. Some amount of decomposing and waterlogging 
grains come from the preceding phase to the tank, and also the grains of the filter 90 are 
gradually decomposing for the influence of anaerobic microbial action. The sludge produced 
in this way is settling on the bottom of the tank, and it is circulated from a bottom cavity 
back to the filtering phase 96, as is indicated by reference sign 86. Still another filter 95 
consisting of hydrophobic grains is used in a tank 94 for filtering waste water (reference sign 
79) going out of the purification process. 

Another example of biological system for waste water purification to which the method 
of the invention is applied is described in die following with reference to Fig. 10. In this 
case, the waste water is conducted after screening 74 and sand separation 75 directly to an 
aerobic phase 76 the operation of which is essentially similar to and the purpose of which is 
: essentially same as those of the corresponding phase 96 in the example of Fig. 9. Here, the 
own carbon source of the waste water is used, and composted grains 85 are used only Is an 
additional carbon source and a substrate for microbes by means of input 92 according to 
need. 

25 Next, the waste water is fed to an aerobic secondary settling 91 the operation of which 

IS essentially similar to and the purpose of which is essentially same as those of the 
corresponding phase 97 in the example of Fig. 9. The sludge of the waste water and the 
grains coming from the preceding phase, which grains also gather sludge thereto, are settling 
m this phase, and they are conducted via the filtering phase 81 back to the beginning of the 

30 process. The sludge is settling down rapidly in the settling tank because an anaerobic phase 
IS concerned. Probably, a part of the sludge is conveyed to an anaerobic filter 90 and is 
gradually settling down with the matter breaking down from the filter. The operation of this 
phase and the following filtering 94 of the outgoing water are similar to those of the 
corresponding phases described above in connection of the example of Fig. 9, and therefore 

35 they are not discribed here again. 
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Also the filtering phase 81 operates similarly to the phase 98 described above in 
connection with the example of Fig. 9. In this case, only, the water is conducted back to the 
aerobic phase 76, as is indicated by reference number 80. Also the filter 81 is used and it is 
replenished in quite a same way. 

The grains produced with the method may be also after-treated fiuther, e.g. by coating. 
The coating may be e.g. lime, ash, nutrient solution, clay, gypsum, silicon carbonate, and so 
on. Also more than one coating with different materials may be made. 

The grains may be used for many purposes some of which are already mentioned above. 
The may be used as fiiel, as environmental grains, as aerators in substrates for culture, in 
various fertilizers, as an additive in other sludges, e.g. for activating an anaerobic sludge, or . 
in biofilters. 

Especially well the method of the invention is suited for the utilization of hydrophobic 
organic grains, like hydrophobic grains of peat, in manufacture of biological fertilizers. 
Hydrophobic grains of peat are a very suitable basic material for this purpose, these peat 
grains as such including a lot of carbon, a part of it in an easily available mode, and enough 
nutrients for maintaining microbial activities important in the operation of a biological 
fertilizer. By using different sludges, like sewage sludges, agricultural sludges or suitable 
animal manure sludges, in general, or sludges of food industry, suitable nutrients or other 
affecting substances are obtained to a certain fertilizer. 

Nutrients or other affecting substances may be added also as solutions to a sludge 
among which they are transferred to the grains. Grains may be also coated with nutrient 
mass between circulations and then continue circulations whereby the nutrient remains in 
the inside of the grains and the dissolution thereof is retarded. Other affecting substances 
may include e.g. acidity adjustment agents, like ash (which may include also useful nutrients 
and trace elements) or lime. In some cases it is advantageous to utilize sludge precipitated 
with ferrous flocculants, because the iron remaining in the sludge is in a proper form for 
fertilizing of acidous forest lands. 

The solubility of fertilizers and the nutrients may be affected also by adjusting the 
hydrophobicity of grains by means of drying. On the other hand, by means of the amount of 
composting cycles, the amount of available carbon in the grains and so the operation therof 
as a substrate and carbon source for microbes may be affected. 

Some embodiments of the invention are described above, the invention naturally not 
being restricted thereto. The applicant's opinion is that the composting, for example, may be 
carried out quite efficiently also as a continuously operating drum composting by developing 
equipment and processes in a necessary way. Also other composting methods, like batch- 
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type composting, may be used, although the efficiency of the method is then remarkably 
lower. 

The invention may be varied within the scope of the appended claims. 



